Objectives: The key objective was to estimate obesity ( ! 30 kgam 2 ) in women 15±49 y from developing countries. A second objective was to study how obesity varies by educational level and by residence in urban and rural areas. A third objective was to investigate how national incomes shape the relationship between obesity and eduction or residence. Design: The analyses use cross-sectional data from nationally representative surveys from developing countries carried out in the last decade. Most of the surveys were Demographic Health Surveys (DHS). Data from a survey from the USA are used for comparison. Setting:The 39 surveys used come from 38 developing countries and the USA. Subjects: A total of 147,938 non-pregnant women 15±49 y were included in the analyses. Results: The percentage of obese women was 0.1% in South Asia, 2.5% in Sub-Saharan Africa, 9.6% in Latin America and the Caribbean, 15.4% in Central Eastern EuropeaCommonwealth of Independent States (CEEaCIS), 17.2% in the Middle East and North Africa, and 20.7% in the USA. Levels of obesity in countries increased sharply until a gross national product of US$1500 per capita (1992 values) was reached and changed little thereafter. In very poor countries, such as in Sub-Saharan Africa, obesity levels were greatly concentrated among urban and higher educated women. In more developed countries, such as those in Latin America and the CEEaCIS regions, obesity levels were more equally distributed in the general population. Conclusions: Based on the analyses presented and on a review of the literature, it is concluded that obesity among women is a serious problem in Latin America and the Caribbean, the Middle East and North Africa, and the CEEaCIS region. Obesity is less of a concern in Sub-Saharan Africa, China and South Asia. Obesity levels increased over time in most of the limited number of countries with data, but at varying rates. Rising national incomes in developing countries and increased`Westernization' will most likely lead to increased levels of obesity in the future.
Introduction
has called attention to the`nutrition transition' in developing countries, or the shift from traditional diets and lifestyles to`Western' diets (ie high in saturated fats, sugar and re®ned foods), and the combination of reduced levels of physical activity and increased stress, particularly in the rapidly growing urban populations. The feared outcomes of the nutrition transition are increased levels of obesity and chronic and degenerative diseases.
Obesity is increasing worldwide at an alarming rate in both developed and developing countries, according to a report from theWorld Health Organization (1998) . This is a matter of concern because obesity increases risks for many serious and morbid conditions, such as diabetes mellitus, hypertension, dyslipedemia, coronary artery disease and some cancers (Solomon & Manson, 1997) . It also increases the risk of death from coronary heart disease and diabetes mellitus (Stevens et al, 1998; Bender et al, 1998; Seidell, 1997) . At the same time, the report adds that there is limited availability of nationally representative data, particularly about trends, on which to base claims about a rising epidemic (World Health Organization, 1998) . Most studies about obesity are of speci®c subpopulations which are not always drawn at random. Other problems with existing information that make comparisons across studies and countries dif®cult are varying de®nitions of obesity, selection of different age groups for study, and use of selfreported rather than measured weights and heights (World Health Organization, 1998) .
Current information about the extent of obesity in developing countries is needed in order to assist policy makers and health planners with setting priorities, and for mobilizing and allocating resources to programs (World Health Organization, 1998) . Much of the developing world still suffers from nutritional de®ciencies such as proteinenergy malnutrition, iron de®ciency anemia, and vitamin A and iodine de®ciencies (Administrative Committee on CoordinationaSub-Committee on Nutrition, 1997). Resources available to these countries are limited, and any possible reallocation to obesity and related chronic diseases would require an accurate characterization of problems at the country level as a very ®rst step.
Available studies permit certain generalizations. Obesity is rare in very poor societies, particularly in low socioeconomic groups and, when found, it is a mark of wealth. In af¯uent societies, obesity is common, but poor women are fatter than rich women (Sobal & Stunkard, 1989; World Health Organization, 1995) . Therefore, the wealth of a nation should affect the prevalence of obesity as well as the relationship between social class and obesity. In developing countries, a continuum should be found with very poor countries showing low levels of obesity, mostly among the well-to-do, and with richer countries showing greater levels, particularly among the poor. Knowledge of the distribution of obesity by social class is essential for planners and program designers.
The objective of this research is to estimate obesity in women from developing countries from 38 nationally representative surveys carried out in the last decade. The anthropometric information in these surveys was collected to provide estimates of undernutrition in women of reproductive age but can just as easily be used to estimate the extent of obesity. A second objective is to study how obesity varies by educational level, our proxy of social class, and by residence in urban and rural areas. A third objective is to investigate how national incomes shape the relationship between obesity and education or residence.
Methods
Thirty-eight nationally representative, nutrition surveys from developing countries carried out in the last decade were the focus of study. Most of the surveys were Demographic Health Surveys (DHS) in which women of childbearing age (15±49 y) were interviewed and measured using standard survey instruments. Data were collected concerning family planning knowledge, attitudes and practices; maternal and child health; nutritional status of women and their children; and social and economic background indicators (Institute of Resource DevelopmentaMacro International Inc., 1990). Men were not included in these surveys. DHS surveys are available to investigators through the World Wide Web (http:aa www.macroint.comadhsa).
We grouped countries according to the regional classi®cations given by the United Nations Children's Fund (UNICEF, 1995 The variables of interest were age, height, weight, residence (urban or rural) and educational level of the women. Only records with complete data for all variables were used. The age range in women was restricted to 15± 49 y, the focus of virtually all surveys. Pregnant women were excluded. A total of 147,938 women were included for analyses from the 38 data sets from developing countries and the survey from the USA (Table 1) . Populations were designated as`rural' or`urban' according to countryspeci®c de®nitions in the DHS and non-DHS data-sets. Educational level was coded as low (none to completed primary schooling) or high (at least 1 y of secondary schooling). As recommended by the World Health Organization (1998), overweight was de®ned as a body mass index (BMI) or 25.0±29.9 kgam 2 and obesity as ! 30 kgam 2 . Sample weights were used in all cases where they were applicable. Weighted averages of country values were computed by region using population estimates for women 15±49 y for 1996 (US Census Bureau, 1998). In computing these averages, the most recent data were used in cases where repeated surveys were available. Trends over time were tested by chi-square, using three categories of BMI (`25, 25±29.9 and ! 30 kgam 2 ) and taking sample weights into account. Additionally, analyses were carried out at the country level to explore whether obesity varied by the gross national product (GNP) per capita in 1992, as given by UNICEF (1995). Other analyses examined whether the relationship between obesity and area of residence or education varied by GNP per capita.
Analyses of relationships between obesity and education or area of residence were carried out at country level. Odds ratios for obesity (0 `30, 1 ! 30 kgam 2 ) were estimated in multivariate logistic regressions which included area of residence (0 rural, 1 urban), or education (0 low, 1 high) as the independent variable. Also, age and age squared were included in these models to provide a better ®t.
Results
Sample sizes and study results are given for the countries of study in Table 1 . Mean BMI was lowest in Bangladesh and Nepal but was also low in Sub-Saharan Africa. Mean BMI was greatest in Egypt and Turkey, even surpassing the value for the USA. The percentage of women overweight or obese is shown in Figure 1 for different regions of developing countries. South Asian women were the leanest, with about 97.7% of subjects having BMIs less than 25 kgam 2 and only 0.1% with BMIs ! 30 kgam 2 . The percentage of obese women was 2.5 in Sub Saharan Africa, 9.6 in Latin America and the Caribbean, 15.4 in the CEEaCES region and 17.2% in the Middle East and North Africa. In the United States, 20.7% of women were obese.
The percentage of women who were obese is shown in Table 1 by area of residence and educational level. Odds ratios contrasting the risk of obesity in urban vs rural areas were quite large in Sub-Saharan Africa and Bangladesh compared with other regions, particularly Latin America and CEEaCIS. This was also the case for the odds ratio comparing the risk of obesity in women with high education to those with low education. In several Latin American countries, obesity was more common in women with lower education (ie odds ratios were less than 1). Values in the USA were around 1. There was a moderate degree of stability in estimates of odds ratios over time in the six countries with repeated surveys.
Obesity in developing countries R Martorell et al
The relationship between the percentage of obese women and GNP per capita is given in Figure 2 . A curvilinear relationship was apparent, with little change occurring after countries achieved a GNP per capita of about US$1500. However, there are few data points beyond incomes of US$1500 to model appropriately the shape of this relationship. Egypt was an outlier with obesity levels far greater than those expected for its GNP (ie values are 20.2% for obesity and US$640 for GNP). The strength of the relationship between obesity and education or residence, as indexed by odds ratio sizes, was related to GNP per capita (Figure 3 ). With rising national incomes, odds ratios declined to levels of 1 or less.
Discussion
There are important gaps in the availability of data. Large countries like India (South Asia) and China and Indonesia (East Asia) are not represented. Results from the literature from data sets that were not included in this study are given in Table 2 . While only those of Costa Rica and Mauritius were nationally representative studies, these six studies offer important, complementary information. Unfortunately, ages of subjects and de®nitions of obesity varied across these studies. A 1991 survey of eight provinces in China found that 4.3% of women 20±45 y had BMIs ! 27.3% and 13.1% had BMIs b 25 kgam 2 , the latter Mauritius is an island nation in the Indian Ocean whose population is mainly of Indian origin; in 1992, it had a GNP per capita of US$2700 (UNICEF, 1995) . We did not analyze data from the Paci®c Islands. The fact that obesity is a grave problem in these areas is illustrated by data from Western Samoa for 1991; the prevalence of obesity among women 25±74 y of age was 66%. Equally alarming data for other Paci®c Islands are given by Hodge et al (1995) . Obesity is perceived to be a serious problem among the English-speaking Caribbean nations (Sinha, 1995) . The percentage of women 15 y or older exceeding a weight for height of 120% (roughly equivalent to a BMI of 27 kgam 2 ) ranged between 22% and 48% in seven countries However, is the world, particularly developing countries, getting fatter? The US population is becoming fatter (Kuczmarski et al, 1994) . We estimate that the percentage of US women 15±49 y old with BMI values ! 30 kgam 2 was 15.4% in 1976±80 (NHANES II) compared with the value of 20.7% we report for 1988±1994 (NHANES III) in Table 1 . Serial data from Europe also show this to be the case in some countries (Seidell, 1997) . The number of countries in our study with repeated surveys is low ( Table  1 ). The percentage of obese women fell in Egypt (23.4± 20.2%), remained nearly the same in Zambia (2.4±2.3%), Tanzania (1.9±2.6%), Brazil (9.2±9.7%) and Peru (8.9± 9.4%), and increased appreciably only in the Dominican Republic (7.2±12.1%). Using three categories of BMI (`25, 25.0±29.9 and ! 30 kgam 2 ), we ®nd that changes in the distribution of BMI were statistically signi®cant (P`0.05) in all countries but Brazil and Zambia. A Brazilian National Survey among women b 18 y in 1974a75 found that 6.9% of women were obese compared to 11.7% for the same age range in 1989 (our values for women 15±49 y is 9.2% for 1989 and 9.7% for 1996, Sichieri et al, 1994) . The Ministry of Health of Costa Rica reports that the percentage of overweight and obese women ( b 25.0 kgam 2 increased from 1982 to 1996 from 34.6% to 45.9% in women 20±44 y and from 55.6% to 75.0% in women 45±59 y (Ministerio de Salu Âd, 1996) . Obesity increased in Mauritius (Al-Isa, 1995 (Popkin et al, 1995) . In three areas of Western Samoa, obesity among women of 25±74 y increased by 27%, 30% and 115%, respectively, between 1978 27%, 30% and 115%, respectively, between and 1991 27%, 30% and 115%, respectively, between (Hodge et al, 1994 . Marked increases are reported as well for other Paci®c Islands (Hodge et al, 1995) .
The ®ndings in Table 1 con®rm our expectations about the distribution of obesity by urbanarural residence and educational level. In very poor countries, mostly in SubSaharan Africa, obesity levels are low and greatly concentrated among urban and highly educated women. A study of adults from New Delhi, India found that the percentage of women with a BMI b 25 kgam 2 was between 28% and 50% in the middle class but only 4% among the slum poor (Gopalan, 1998) . In more developed countries, such as those in Latin America and the CEEaCIS regions, levels of obesity are higher and more equally distributed across subgroups in the countries. In the USA, we expected more obesity among less-educated women but found similar levels in low and high education groups. Clearly, the education categories we used are not very relevant to the US, where 87% of women have secondary or higher education. However, when ®ner gradations of education were used for the US data, the expected relationships emerged. Women were divided into four groups depending upon the number of years of education completed: middle school or less (0±9 y), high school (10±12 y), university (13±16 y) and graduate work ( b 16 y). Prevalences of obesity for the groups were 20.1%, 24.1%, 18.9% and 9.1%, respectively. As expected, women with higher levels of education showed the lowest levels of obesity.
The`social mapping' of obesity has important policy and program implications. It would be hard to argue for resources for the control of obesity in Sub-Saharan Africa and South Asia because levels are low and more often found in elite groups. On the other hand, in much of Latin America and in other higher-income, developing countries, while obesity levels are not yet as high as in industrialized countries, they appear to be rising and all social group are affected, making advocacy for programs for the control of obesity easier than in Sub-Saharan Africa. Also, programs for higher-income developing countries will need to be broadly targeted to all income and educational levels in urban and rural areas. Unfortunately, many regions affected by obesity, such as Latin America and the Caribbean, still show high levels of malnutrition in children (Martorell et al, 1998) . This dual agenda represents a dif®cult challenge and is aggravated by the lack of success in the USA and Europe in controlling obesity.
We conclude that obesity among women is a serious problem in Latin America and the Caribbean, the Middle East and North Africa, and the CEEaCIS region. Obesity is less of a concern in Sub-Saharan Africa, China and South Asia. The information about change is limited; in general, increases in obesity are evident but the rates of change are variable. Rising national incomes in developing countries and increased`Westernization' will most likely lead to increased levels of obesity in the future.
